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The aim of the study was to compare head posture in young, adult emmetropes and corrected myopes
during a reading task. Thirty-two (32) myopes (mean spherical equivalent: 3.46 ± 2.35 D) and 22
emmetropes (mean spherical equivalent: 0.03 ± 0.36 D) participated in the study. Of the myopes, 16
were progressing (rate of progression P0.5 D over the previous 2 years), 12 were stable (changes of
0.25 D or less over 2 years) and four could not be classiﬁed. Seated subjects were asked to read a text
binocularly in their habitual posture. To measure head posture, two simultaneous images were recorded
from different directions. In a separate study with the same subjects and conditions, a motion monitor
was used to track head posture for 1 min. The habitual reading distance was measured in both studies,
together with the stereoscopic acuity and ﬁxation disparity for each subject.
The results of the photographic study showed no signiﬁcant differences in head posture or reading dis-
tance between the myopic and emmetropic groups (p > 0.05) but there was some evidence that down-
ward pitch angles were greater in progressing myopes than in non-progressing myopes (p = 0.03). No
correlations were observed between the binocular parameters and head posture. Reading distances were
systematically shorter with the helmet-mounted eye tracker and it was concluded that posture was
affected by the weight of the equipment. With this reservation, it appeared that the rate of change of
downward pitch angle over the 1-min recording session increased with the subject’s rate of myopia pro-
gression (correlation between myopia progression and slope of pitch: r2 = 0.69, p = 0.001), implying a
greater reliance on head movements when reading down a page.
Overall, while no differences in mean head posture were found between myopes and emmetropes,
there was some evidence that head posture and movement during reading may differ in progressing
myopes.
 2011 Elsevier Ltd. All rights reserved.1. Introduction
In recent decades the prevalence of myopia has increased mark-
edly, particularly in some Asian countries (e.g. Morgan & Rose,
2005; Saw, 2003). Genetic factors cannot be responsible for such
a rapid change, so that factors such as visual experience, lifestyle
and diet after birth must be involved (Mutti, 2010). If the main
cause or causes of myopization could be identiﬁed, some form of
intervention to reduce the extent of the myopic shift might be pos-
sible. However, in spite of a broad range of human and animal
studies, the nature of the presumed myopization processes re-
mains controversial.
One possible factor emphasised by early workers was posture.
For example, Donders (1864, p. 419) remarks ‘‘A stooping position
was also mentioned as a promoting cause of myopia’’. . . and he rec-ll rights reserved.
PO Box 88, The University of
Fax: +44 0161 306 3887.
.ac.uk (H. Radhakrishnan).ommends (p. 429) ‘‘. . . in writing to use a high and sloping desk. To
the last I attach much importance. Rectilinear drawing on a horizontal
surface is highly injurious to myopes.’’ Posture is rarely mentioned by
more recent researchers, althoughMohan, Pakrasi, and Garg (1988)
and Marumoto et al. (1999) found that head posture was one factor
which correlated with myopia and Charman (2004) suggested that
the conﬂicting accommodation demands arising with pronounced
head turn at near might cause myopic shifts. Duke-Elder and
Abrams (1970) and Curtin (1985) brieﬂy review relevant earlier
work.
In spite of the current relative unpopularity of the hypothesis
that posture plays a role in myopization, a few studies (Collins,
Buehren, Bece, & Voetz, 2006; McBrien & Adams, 1997; Simensen
& Thorud, 1994; Zylbermann, Landau, & Berson, 1993) provide evi-
dence that it might be at least a contributory factor. Each of these
earlier studies shows that there is a high prevalence of myopia in
an occupational group carrying out a near-vision task with partic-
ular postural requirements. Additionally, several published
abstracts explore possible links between working distances and
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2007; Haro, Poulain, & Drobe, 2000).
Zylbermann et al. (1993) found that the prevalence of myopia in
male students from Orthodox Jewish schools was signiﬁcantly
higher than in girls or male students from non-Orthodox Jewish
schools. The Orthodox schools were characterised by a special pro-
cedure of reading, where boys swayed, bending back and forward
for up to 16 h a day while reading texts with small print. Simensen
and Thorud (1994) looked at textile workers who were responsible
for locating and repairing ﬂaws in a moving belt of fabric as it
moved steadily past the work station. The plane of the fabric was
at about 45 to the horizontal, with the fabric moving in the verti-
cal direction: the workers leant forwards to carry out their task
(see Goldschmidt (2003) for illustration). Simensen and Thorud
found a correlation between axial myopia development and the
number of years of work in this occupation. Interestingly, accom-
modative demands were modest (around 2 D or less) suggesting
the possibility that high levels of accommodation are not required
for task-related myopization (e.g. Charman & Radhakrishnan,
2009; He, Gwiazda, Thorn, Held, & Vera-Diaz, 2005; O’Leary & Al-
len, 2001; Radhakrishnan, Allen, & Charman, 2007; Rosenﬁeld &
Gilmartin, 1998; Walker & Mutti, 2002). In a group of clinical
microscopists, Adams and McBrien (1992) and McBrien and Adams
(1997) found a high myopia prevalence of 71%. Additionally, in
comparison to the general population, the microscopists showed
an increased incidence and progression of myopia after they
started work. The microscopists were described as using high-
and low-magniﬁcation binocular microscopes for at least 20 h a
week: such microscopes typically have eyepiece tubes inclined at
angles between 20 and 45 to the horizontal plane, so that the
microscopists were presumably seated at laboratory benches and
were leaning forward to carry out their work. The effect of accom-
modation was probably minimal, because the image through the
microscopes was nominally placed at inﬁnity (although see Hen-
nessy (1975), Richards (1976), and Wesner and Miller (1986),
who show that microscopists may prefer to adjust the focus to a
slightly myopic value matching their individual instrument myo-
pia). Proximal accommodation might also have had an inﬂuence
(Charman, 2008; Heath, 1956). Collins et al. (2006) have recently
suggested, on the basis of practical studies, that corneal distortions
associated with eyelid pressure during visual microscopy and other
near tasks cause a degradation of retinal image quality which leads
to the myopization observed by McBrien and Adams (1997), the
exact effects being dependent on the palpebral aperture and the
pattern of eye movements associated with the near task, these
being linked in part to posture.
Overall, these studies may suggest that task-related postures
adopted by the individuals as described in the preceding para-
graphs might have an impact on myopia development and progres-
sion. We note that it has alternatively been suggested that the
increased prevalence of myopia in these occupational groups is
due to their increased hours of near-work. However, several studies
have failed to demonstrate any signiﬁcant relationship between
near-work hours and myopia development (Mutti, Mitchell,
Moeschberger, Jones, & Zadnik, 2002; Saw et al., 2006; Ip et al.,
2008). Thus, given that the accommodation demand with some of
the tasks is low, it remains plausible that it is the posture used for
the task, rather than the task duration or accommodation required,
that leads to myopia development in these occupational groups.
To our knowledge, little previous work has been carried out on
head posture and its correlation with refractive error. Mohan et al.
(1988) looked at head positions when reading, in a study analysing
environmental factors that could inﬂuence myopization. They ana-
lysed head posture only in terms of the angle the headwas bent for-
ward for a maximum reading distance of 50 cm and found that the
forward (downward) head bend, or pitch angle, of myopes withouta family history of myopia was signiﬁcantly greater than that of
myopes with a family history of myopia or non-myopes with or
without a family history of myopia. Marumoto et al. (1999) claimed
that young teenage myopes used both shorter working distances
and greater head tilts than age-matched emmetropes performing
the same table-top writing task, although it does not appear that
they actually refracted their subjects, who wore no optical correc-
tionwhen carrying out the task. Additional evidence for the possible
inﬂuence of head posture on myopization comes from an animal
study, showing that particular postural positions could cause exper-
imental myopia in rabbits (Mohan, Rao, & Dada, 1977).
The aim of the present study was to compare in more detail
head postures for a near-vision reading task in myopes and emme-
tropes, the main hypothesis under test being that myopes might
adopt a posture with greater forward head tilt. To monitor head
posture, two alternative methods were used: photography from
two angles and a head-mounted eye-tracker that also recorded
head position data. Head-posture data were compared with data
for refractive error, state of binocular vision and rate of progression
in the myopes.2. Methods
The study followed the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all participants after
the nature of the study and possible consequences had been ex-
plained. The project protocol was approved by the Senate Commit-
tee on the Ethics of Research on Human Beings of the University of
Manchester.
Fifty-four subjects (20 male and 34 female) were recruited. The
age of the subjects ranged between 19 and 38 years. All subjects
were free of any ocular pathology and could achieve a visual acuity
of 6/6 partially (i.e. 6/6-2) or better when corrected.
Subjective refraction was performed to an accuracy of ±0.25 DS
and ±0.25 DC to obtain maximum plus giving best visual acuity.
The cylindrical component, if existent, was found using a cross-cyl-
inder. To reﬁne the spherical component at the end of the routine,
the duochrome test was used. For further analysis the sphero-
cylindrical results were converted into mean spherical equivalents.
Fixation disparity was measured using the Mallet test for distance
and for near vision. To measure quality of binocular vision, a TNO
test for stereopsis was utilised.
Spherical equivalent was in the range of 9.63 D to +0.50 D
(mean: 2.06 ± 2.48 D; median 1.38 D). The group included 32
myopes (mean spherical equivalent correction between 9.63 D
and 0.63 D; mean: 3.46 ± 2.35 D; median 2.63 D) and 22
emmetropes (mean spherical equivalent correction between
0.50 D and +0.50 D; mean: 0.03 ± 0.36 D, median 0.19 D).
The mean ages of the myopic and emmetropic groups were
25.3 ± 5.5 years and 24.5 ± 4.5 years respectively. In all cases, astig-
matism was equal to or less than 1.50 DC. The gender distribution
was as follows: in the myopic group there were eleven males and
21 females; in the emmetropic group there were nine males and 13
females. For some analyses myopes were grouped as progressing
and non-progressing myopes. Therefore myopes were asked by
howmuch their myopia progressed during the last 2 years. Myopes
were classiﬁed as ‘‘progressing’’ when their myopia had increased
by 0.50 D or more during the last 2 years. The myopic group con-
tained 16 (57%) progressing myopes and 12 (43%) non-progressing
myopes. The myopia progression ranged from 0.50 D to 2.50 D dur-
ing the last 2 years. Four myopes had their correction for less than
2 years and therefore were not considered for comparisons be-
tween progressing and non-progressing myopes. The age of the
progressing myopes ranged from 19 to 36 (mean: 24.9 ± 5.6; med-
ian 22.5 years). The non-progressing myopes were between 19 and
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ror (mean spherical equivalent) of the progressing myopes was be-
tween 9.63 and 1.38 D (mean: 4.02 ± 2.22 D; median
3.63 D). In the non-progressing group the refractive error (mean
spherical equivalent) ranged between 7.63 and 1.38 D (mean:
3.56 ± 2.45 D; median 2.63 D).
Two web cameras taking simultaneous photographs were used
to monitor head position. One picture was taken from the side to
record pitch and the second picture gave a frontal view to record
roll (Fig. 1). To aid accurate analysis of the pictures, high-contrast
linear targets were attached to the subject’s forehead and to the
subject’s temple, a grid placed behind the participants being used
as reference. The targets were aligned with the background when
patients were in primary gaze position. The head angles were mea-
sured using the Angle tool of Image J 1.41o software (National
Institutes of Health, USA).
Data on head positions were also acquired with an Eye Link II
eye-tracker (SR Research Ltd., Mississauga, Canada), used in con-
junction with Motion Monitor software (Innovative Sports Training
Inc., Chicago, USA) and motion sensors (Polhemus, Colchester,
USA). Participants wore a helmet that contained the Polhemus sen-
sor. The total weight of the helmet and head-mounted equipment
was 420 g. The Polhemus sensor recorded three-dimensional head
movements at 120 Hz. The Polhemus receiver was placed on a ta-
ble at approximately 60 cm in front of the subject and where pos-
sible metal objects in the near environment were removed to
minimise interference. Head movements were recorded in terms
of yaw, pitch and roll motions (Fig. 1) for 1 min. As the Polhemus
sensors were linked to the eye-tracker, which was the main instru-
ment, we will refer to eye-tracker data, even though eye move-
ments were not recorded.
Image and eye-tracker data were obtained separately in two
experiments. However, the procedure and subjects for each exper-
iment were identical. The order in which the two measurement
techniques were used on individual subjects was quasi-random.
Participants sat on an ofﬁce chair (chair height and position were
not adjustable) and, after positioning themselves comfortably,
were asked to read aloud a hand-held text (a part of the novel
‘The Railway Children’ printed on a portrait A4 page, Arial 12 pt,
1.5 lines spacing) while their head posture was recorded. In both
situations (image and eye tracker) subjects were asked to maintain
their habitual reading position: the chosen reading distance be-Fig. 1. Axes of recordings and sign convention shown by dashed lines: Yawmotions
around the z (vertical) axis, pitch motion around the horizontal x axis and roll
motion around the horizontal y axis.tween corneal vertex and the hand-held text was measured man-
ually using a meter-ruler. Myopic subjects wore their normal
spectacle or contact lens correction for the photos. For the eye-
tracker recording, participants inserted their habitually-worn con-
tact lenses.
2.1. Data analysis
Head-position data from the photographs and eye-tracker were
analysed in terms of roll and pitch angles (Fig. 1). Yaw values were
not analysed in the present study, since some subjects turned their
heads regularly to follow the lines of text, rather than using eye
movements, so that it was not possible to deﬁne a meaningful sin-
gle yaw angle. The eye-tracker recorded head-position data for
1 min. Rather than averaging the angles over the full minute of
recording to obtain representative values for the roll and pitch an-
gles, each angle was taken as its mean value averaged over 1 s,
beginning 5 s after the recording started. In the photographic
method, the two images were also recorded about 5 s after the par-
ticipants started to read the text, so that the time at which the esti-
mates of typical roll and pitch angles were made, with respect to
the start of the reading session, was similar in both experiments.
At the 5-s point most subjects were still reading the ﬁrst or second
line of the text at the top of the A4 page.
It was observed from the eye-tracker recordings that whereas
roll angles were small and relatively stable throughout the record-
ing session, some subjects gradually changed their pitch angles as
they read down successive lines of the page of text, i.e. they used
head as well as eye movements. Fig. 2 shows an example of this
behaviour: note the periodic irregularities as successive lines were
read. The slope of the linear regression ﬁt to pitch angle against
time over the 1 min recording period was used to characterise this
progressive change in pitch angle.
Statistical analysis was performed using SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA). One-way between groups analysis of variance
was used to assess differences between refractive error groups. Re-
peated measures analysis of variance was used to compare results
from the eye-tracker with results from the photos. Furthermore,
two-tailed Pearson correlations were applied.Fig. 2. Roll (A) and pitch (B) angle as a function of time as measured by the eye
tracker over the 1-min recording period, for a single subject reading text aloud.
Note the difference in the vertical scales of the two traces. The downward pitch
angle increases as the subject reads down the page, implying that she is using head
as well as eye movements in this direction (the total vertical subtense of the A4
page was about 35). The quasi-periodic small changes in pitch angle occur as the
subject reads successive lines. Roll angles are small and roughly constant. The
dashed line represents the linear ﬁt for pitch.
Table 1
Pitch and roll angle in myopes (N = 32) and emmetropes (N = 22) after 5 s of reading,
as derived from photos. Values represent mean ± standard deviation.
Myopes Emmetropes
Pitch () 17.7 ± 6.3 15.0 ± 7.8
Roll () 0.03 ± 2.8 1.2 ± 2.4
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3.1. Comparison between the two recording methods
Before the full analysis of the head-posture results in relation to
the refractive and binocular vision characteristics of the subjects, a
comparison was made between the posture results obtained by the
two recording methods (photos and eye tracker). This was because
some subjects had complained of the weight of the helmet carrying
the eye tracker and we feared that this might distort the associated
data.
The reading distance provided a simple starting point to com-
pare the two methods. The mean reading distances whilst the pho-
tos were taken were 46.8 ± 8.8 cm in emmetropes and
46.3 ± 7.7 cm in myopes. The mean reading distances measured
during eye-tracker recordings were shorter, at 38.9 ± 8.3 cm in
emmetropes and 38.8 ± 7.9 cm in myopes. There were no signiﬁ-
cant differences between the results for the myopes and emme-
tropes when measured by each of the individual methods (One-
way between groups analysis of variance: eye tracker
F(1,48) = 0.01, p = 1.0; photos, F(1,51) = 0.04, p = 0.84 respectively).
However, repeated measures analysis of variance showed that
the reading distances as measured by the two techniques were sig-
niﬁcantly different (F(1,48) = 39, p = 0.001). Nevertheless, the two
reading distances for individual members of the whole study pop-
ulation from photos and eye-tracker were signiﬁcantly correlated
(two-tailed Pearson product-moment correlation, r = 0.35, n = 49,
p = 0.01), as shown in Fig. 3. Note, however, that the slope of the
regression-line ﬁt is less than unity and that the intercept differs
substantially from zero, indicating a real difference rather than a
simple scaling effect. In almost all subjects, the reading distance re-
corded during the photographic sessions exceeds that found when
subjects wore the eye-tracker.
Since the two types of recording were not made simultaneously
with each subject, we cannot discount the possibility that subjects
simply adopted different reading postures in different sessions.
However, as the order in which the recordings were made was qua-
si-random, we do not believe that true postural change can account
for the systematic differences observed. Instead, we attribute these
discrepancies to the weight of the helmet during the eye-tracker
recordings, which tended to make subjects adopt shorter working
distances. Larger pitch angles were also found with the eye-tracker.
Under these circumstances we have conﬁned the main analysis
to the photographic recordings since posture in this case should be
more natural.Fig. 3. Correlation between reading distance measured while the picture was taken
and the eye tracker recordings. Dashed line represents linear ﬁt. The heavy dot-dash
line shows the ideal 1:1 relationship.3.2. Reading distance
As noted above, the mean reading distances for the emmetropes
and myopes as measured photographically were 46.8 ± 8.8 cm
(N = 22) and 46.3 ± 7.7 cm (N = 32) respectively. These distances
did not differ signiﬁcantly (p = 0.84). There were no signiﬁcant cor-
relations between reading distance and refractive error (p = 0.53)
or the rate of myopia progression (p = 0.87). The age range of the
patients was from 19 to 38 years. Thus the wide range of ages in
the study could potentially lead to differences in working distance
adopted by the individuals. However, no signiﬁcant correlations
were found between age and working distance for either photo-
graphic (p = 0.81) or eye-tracker (p = 0.20) measurements.
3.3. Pitch and roll angles
Mean pitch and roll angles after 5 s of reading, derived from the
pictures and separated for myopes and emmetropes, are presented
in Table 1. Mean pitch angles were higher than the roll angles,
which were always small in magnitude. The mean of roll angle,
while small, differed signiﬁcantly from zero at the p = 0.05 level
in emmetropes (p = 0.03), but not in myopes (p = 0.95). For both
pitch and roll angles, no signiﬁcant differences were found be-
tween myopes and emmetropes (One-way between groups analy-
sis of variance: roll angle: F(1,49) = 2.82, p = 0.10; pitch angle:
F(1,50) = 1.87, p = 0.18).
There were no signiﬁcant correlations between individual head
angles and refractive error.
When the myopes were separated into progressing and non-
progressing groups, the mean pitch angles derived from photos
were 18.9 ± 6.0 (progressing myopes, N = 16) and 13.3 ± 4.0
(non-progressing myopes, N = 12). The difference in pitch between
the two groups was just statistically-signiﬁcant (One-way between
groups analysis of variance: F(1,24) = 161, p = 0.03) indicating thatFig. 4. Pitch angle as a function of myopia progression rate. The dashed line
represents the linear ﬁt. The correlation is not signiﬁcant. Two data points are
missing due to the poor quality of the photos. One data point for 0 D progression
has been displaced slightly to avoid overlapping (photographic data).
Fig. 5. Correlation between myopia progression and the slope of pitch motion
during eye tracker recordings. The solid line represents linear ﬁt for all subjects. The
dashed line represents the linear ﬁt, when two subjects with high progression rates
were removed. The reduced number of data points is due to the fact that eye-
tracker data was missing in some individuals.
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gressing myopes.
Fig. 4 shows the relationship between individual pitch angles
and myopia progression rates, together with the associated regres-
sion line ﬁt. There is a weak trend towards more negative pitch an-
gles (stronger forward bending) with higher myopia progression
rates but the correlation is not signiﬁcant (p = 0.23).
Pitch angle and reading distance were not signiﬁcantly corre-
lated when analysing the whole study population (two-tailed
Product moment correlation, r = 0.25, n = 51, p = 0.07). When
analysing emmetropes and myopes separately, pitch angle and
reading distance correlated signiﬁcantly in emmetropes (two-
tailed Product moment correlation, r = 0.49, n = 21, p = 0.03),
but not in myopes (two-tailed Product moment correlation,
r = 0.03, n = 30, p = 0.89).
3.4. Relation of reading distance, pitch and roll to binocular variables
No signiﬁcant relationships were found between either ﬁxation
disparity (at distance or near) or TNO results and any of the posture
parameters, either for all subjects or for the individual refractive
groups. In detail the results of the two-tailed Product moment cor-
relations applied for the whole study population were as follows:
Pitch and horizontal ﬁxation disparity at distance: r = 0.13,
n = 52, p = 0.35; pitch and horizontal ﬁxation disparity at near:
r = 0.05, n = 52, p = 0.71; roll and horizontal ﬁxation disparity at
distance: r = 0.21, n = 51, p = 0.14; roll and horizontal ﬁxation dis-
parity at near: r = 0.17, n = 51, p = 0.23; reading distance and hori-
zontal ﬁxation disparity at distance: r = 0.28, n = 53, p = 0.84;
reading distance and horizontal ﬁxation disparity at near:
r = 0.32, n = 53, p = 0.82. For the TNO test the non-signiﬁcant re-
sults were as follows: Pitch and TNO: r = 0.20, n = 49, p = 0.16; roll
and TNO: r = 0.14, n = 48, p = 0.34; reading distance and TNO:
r = 0.03, n = 50, p = 0.84. Correlations between postural parameters
and vertical ﬁxation disparity were not analysed, because only two
subjects showed values other than zero.
3.5. Dynamic measurements with the eye tracker
As noted earlier, we conclude that the eye tracker data were
inﬂuenced by the weight of the helmet worn and that they cannot
be directly compared with the photographic data. Nevertheless, in
principle such data have the major advantage that they are dy-
namic and allow changes over time to be followed (Fig. 2). It was
of interest that the rate of change of pitch angle (degrees per sec-
onds) over 1 min of the recording session showed a highly signiﬁ-
cant correlation between myopia progression and slope of pitch
motion (Fig. 5, two-tailed Product moment correlation, r = 0.69,
n = 20, p = 0.001) indicating a greater progressive forward bending
(increasing pitch angle) in more rapidly progressing myopes when
reading. We assume that this indicated greater reliance on head,
rather than eye, movements to move ﬁxation down the page of
text. However, when the data for the two subjects with the highest
progression rates (2.50 D per 2 years and 2.00 D per 2 years) were
removed, the correlations between myopia progression and read-
ing distance, as well as myopia progression and slope of pitch mo-
tion, were not signiﬁcant.4. Discussion
In the present study we aimed to analyse individual differences
in head position and orientation while a near task was performed,
based on the hypothesis that the head posture of myopes might
differ in some way from that of emmetropes. However, no signiﬁ-
cant differences between working distances, as derived from pho-tos, of adult myopes and emmetropes could be found, in agreement
with previous studies (Drobe, Lombo, & Marié, 2006; Drobe et al.,
2007): the magnitude of the working distance was similar to those
found in earlier work (e.g. Drobe et al., 2006, 2007; Hill, Han, &
Thorn, 2005, 2006). Similarly there were no signiﬁcant differences
between the head postures of the two refractive groups. Head roll
angles were always small and showed no obvious dependence on
refractive state or progression. We note that Hill et al. (2005,
2006) have shown that head posture varies substantially with
the exact nature of any reading task, so that our mean values of
pitch and roll were speciﬁc to the task. and conditions used. Binoc-
ular performance in terms of ﬁxation disparity or stereopsis ap-
peared to have no effect on head posture.
Only the pitch angles of progressing myopes and non-progress-
ing myopes showed a difference, of marginal statistical signiﬁ-
cance, pitch angles being greater for those with rapid
progression. From the eye tracker data, it also appeared (Fig. 5) that
rapidly progressing myopes made relatively greater use of head
movements when scanning text and thus tended to change their
pitch angles more rapidly while reading than myopes with low
progression rates. However, as discussed earlier, this ﬁnding
should be treated with caution as the eye-tracker data may be con-
taminated by the effect of helmet wear, and errors in self-reported
myopia progression rates.
At ﬁrst sight, our results do not agree with the ﬁndings of
Marumoto et al. (1999) who claim that, during a desk-top writing
task, ‘‘myopes’’ had a mean working distance of 15 cm and a large
head and body tilts, while ‘‘emmetropes’’ had a mean working dis-
tance of 30 cm and smaller head and body tilts (see their Fig. 4).
However, these authors give no details of the actual refractive sta-
tus of their subjects and no subject appears to have worn a refrac-
tive correction during the task. As far as can be judged, subjects
were classiﬁed as ‘‘myopic’’ purely on the basis of their uncor-
rected vision. Thus Marumoto et al.’s results cannot be compared
with those, like ours, which are found with corrected subjects.
Overall we suggest that the data from the present study, at best,
only hint that posture might play some role in myopia develop-
ment, rather than conﬁrming the hypothesis. Any change of the
head (roll or pitch) angle might reﬂect a compensatory response
to eye movement. The inﬂuence of the extraocular muscles on
the eye ball could induce myopization. Friberg and Lace (1988)
showed that the posterior pole of the sclera is only about 60% as
A. Hartwig et al. / Vision Research 51 (2011) 1712–1717 1717stiff as the anterior sclera, so that the posterior of the eyeball may
be more susceptible to exterior forces and hence may deformmore
easily. The possibility that extraocular muscle forces might tempo-
rarily distort the eyeball and that, over time, such distortion might
lead to myopia, cannot be lightly dismissed. Additionally, as noted
by Collins et al. (2006), lid pressures during task-related eye move-
ments may also distort the cornea.
We acknowledge a number of weaknesses in this study. Perhaps
the most serious was that the reading period was relatively brief
(only 1 min), so that subjects might not have fully settled into their
typical reading posture, moreover had posture was recorded at
only one point in time. A longer reading period with head positions
sampled at several points in time might have given more realistic
estimates of typical head posture. Moreover it might have been
better to record head position when subjects were reading the cen-
tre of the page of text rather than the top line or two. Another lim-
itation was that, in the absence of clinical records, we were forced
to rely on self-reported myopia progression rates although these
should have been reliable since the subjects were optometry stu-
dents. Six out of 54 participants wore glasses during the photo-
graphic sessions and contact lenses during the tracker recordings.
This could have induced minor differences in posture, as accommo-
dation and convergence demands differ with the type of correction.
Our subjects (mean age 24.9 years) were adults, whereas most
myopia development usually occurs at a younger age (Jones-Jordan
et al., 2010; Low et al., 2010) and it is possible that it is at this stage
that any crucial postural differences are most prominent. Whereas
Haro et al. (2000) found that working distances in children varied
with their ametropia (although this was not conﬁrmed by Drobe
et al. (2008)), Drobe et al. (2006, 2007) found that such distances
were independent of ametropia in pre-presbyopic adults. Drobe
(2010) showed by analysing 169 Singaporean children aged be-
tween 6 and 14 (87% were of Chinese ethnicity) that 67% only
moved their eyes when they read, keeping their head almost sta-
tionary. As the youngest participant in the present study was
19 years old, it is possible that an adaptation during childhood
takes place and has an impact on later myopia progression.
In conclusion this exploratory study provided some suggestive,
but not compelling, evidence for an association between head po-
sition and myopia development. More useful information might be
obtained by using tasks of longer duration and a lightweight mo-
tion tracker to study head motions dynamically, rather than using
the camera technique to obtain head postures at a single point in
time. Reduction in the weight and intrusiveness of any head-
mounted eye-tracker equipment is required to ensure that the data
obtained accurately depicts normal postures.References
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